Abstract. The study of thermal transfer in old houses massive walls offers a big interest permitting the understanding of their specificities and the choice of a suitable material for their eventual insulation. We propose to study the thermal transfer in massive brick walls that characterize the Northern Europe old houses. To do so, we will begin by defining the thermal transfer mode: we proved that the transfer mode can be reduced to a unidirectional transfer. Then, an experimental wall is built and submitted to two different solicitation types (constant temperature in steady state mode and sinusoidal temperature) through a wooden insulated box containing a radiator. The interest of these solicitations is to determine the thermal properties of the wall: the steady-state regime permits to determine the thermal resistances of the system when the harmonic regime permits to determine the thermal capacities of the system.
Introduction
Old brick walls are one of the main characteristics of Northern European old buildings where they dominate in almost all the cities there and particularly in Lille, a city in the North of France where old individual houses constructed before 1948 constitute about the half of the existing houses [1] and are divided in three main categories: the "courée" houses, the town houses and the bourgeois houses [2, 3] . The majority of these houses need a rehabilitation to be adaptable with the contemporary requirements of comfort; however a specific attention should be done to the thermal transfer in the thermal transfer in the walls on these old houses in order to understand their thermal behavior before any intervention [4, 5] . In this paper we determine the thermal behavior of the wall and its thermal properties in two main solicitation modes: the steady state mode (time scale ~1h) and the harmonic mode (time scale ~1day).
Using a constant difference of temperature equal to 20°C and neglecting inside and outside resistance, the 3D model thermal resistance can be deduced by:
Using the electrical analogy, the overall surface thermal resistance of the wall can be expressed by: 
λb represents thermal conductivity of the brick and λm the thermal conductivity of the mortar (see figure 2) . The heterogeneous wall made of brick and mortar can be assimilated to a uniform monolayer wall which characteristics can be evaluated as follow:
To compare the 1D and 3D heat transfer we will base our comparison on brick and mortar thermal properties found in the bibliography [6] ; however the validity of the unidirectional approximation does not depend on the choice of these values. The results show that for the considered thermal properties the 3D Heat Transfer Model the thermal resistance using Eq. (1) In order to understand the thermal behavior of the wall in dynamic conditions we will consider free floating inside boundary conditions [7] and harmonic outside temperature with an amplitude of 10°C, an average temperature of 0°C and a period of 24 hours; the inside and outside surface resistances are still neglected.
By replacing the corresponding thermal properties for brick and mortar in equations (3) and (4) we find the equivalent thermal properties λ eq =0.952 W/m.K and (ρc) eq = 1.913 MJ/m 3 K The results show that for a same external solicitation, the two models give the same temperature variation with a correlation coefficient approximately equal to 1. In order to determine the thermal properties of the brick wall studied and to validate the adequacy between theoretical and experimental results, a wall similar to the one modeled was built and submitted to different solicitations. Thermocouples were put at different thicknesses and in two different layers in order to verify that the heat transfer is unidirectional.
Fig. 4. The experimental model
The wall constitutes one of the four lateral faces of the heating box which contains a radiator with a controlled temperature fluid (figure 4). Two different signal types were programmed for the fluid temperature: the constant signal and the sinusoidal signal: the first one implies a steady-state regime and the second one implies a harmonic regime. These regimes are studied in order to characterize the system and verify the theoretical models utilized for this characterization.
The steady-state regime
We impose constant temperatures of 5, 10, 15, 20, 25, 30, 35, 35, 40, 45, 50, 55 and 60 ° C for the heating fluid and await the establishment of steady state in each case. During the steady-state regime there is no heat storage in any component; the electrical analogy leads us then to the following scheme: 
05007-p.4 nd European Energy Conference The parameters of the system in steady state, i.e. R c , h i , R w and h e are determined by identifying the slope of the obtained lines with the corresponding equations: We assume the wall subjected from its both sides to sinusoidal excitations whose equations are determined from experimental curves. The resulting temperature of the two sinusoids at an abscissa x and a time t is given by [8] 
By plotting this function H (α), we can determine α which is the intersection of the curve H(α) with the x-axis.
05007-p.6 nd European Energy Conference The solution converges from the third order (n=3). Repeating the same calculation for the other thicknesses (x=5.25; x=16.75; x=28.25 and x =34 cm) we find α average ≈7.52 ; which gives a thermal diffusivity of a=6.43E-7m 2 /s and then a volumetric heat capacity of C average =1376394 J/m 3 K.
b.) The damping system:
The heating system with the box constitutes a damping system which produces a phase shift of thermal solicitations and a decrease in their amplitude. We represent this system by following electrical scheme [9, 10] : 
The time lag Ψ is determined from experimental curves and then we can determine the diffusivity of the equivalent thermal system [11, 12] 
Conclusion and perspectives
This study contributes to a better understanding of the thermal transfer in brick walls in steadystate and harmonic regimes in order to determine the characteristics of these walls and to propose a suitable insulation material. The experimental device is modeled in the different regimes applied and the thermal properties of the different components of the system are determined in the steady-state and harmonic regime.
The next step will be the application of different insulation materials (traditional and ecological) to the studied brick wall in order to compare these materials with different configuration (insulation from outside/inside) and choose a suitable material for our case.
